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Configurable I/O Bus Architecture 

Field of the Invention 

This invention relates generally to computer systems, and more particularly to 
configurable input/output buses for computers. 

Background 

Computer motherboards typically provide, among other things, a system bus 
and an input/output (I/O) bus. The system bus supports very high speed data 
exchanges and is used, for example, to interface one or more central processing units 
(CPUs) with a main memory or a main memory controller. The I/O bus generally 
interfaces with the system bus via a bus bridge and is used to exchange data with one 
or more I/O devices such as SCSI devices, network cards, graphics cards and the like. 
In computer systems having only a single I/O bus, multiple I/O devices must share the 
common I/O bus. 

In high-performance computer systems, more than one I/O bus is sometimes 
provided. Such multi-I/O-bus configurations yield higher performance than 
conventional systems because they reduce the ratio of I/O devices to I/O buses. This 
in turn increases the available I/O bus bandwidth per I/O device. One illustrative 
example of such a multi-I/O-bus configuration is the "ropes" architecture developed 
by Hewlett-Packard Company and described in U.S. patent 6,3 1 1,247, which patent 
is hereby incorporated in its entirety. 

In the ropes architecture, the system bus connects to a single system bus 
interface device, and the system bus interface device connects to multiple peripheral 
component interconnect (PCI) interface devices. In particular, separate intermediate 
buses called "rope" buses are used to couple the PCI interface devices to the system 
bus interface. The rope buses exchange data using fewer bits per bus clock than does 
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the system bus. For example, the system bus might exchange data using one hundred 
or more bits per system bus clock (and commensurately as many data wires), while 
a rope bus might exchange data using ten bits per rope bus clock (using fewer data 
wires than the system bus uses). 

In one configuration of the ropes bus architecture, each rope bus supports a 
separate PCI bus. In another configuration, two or more rope buses cooperatively 
support a single PCI bus. In the latter arrangement, the total bandwidth available for 
data exchanges over the single PCI bus is increased because more than one rope bus 
is dedicated to the single PCI bus. In either arrangement, however, the 
correspondence between PCI interface devices, rope buses, and PCI buses is fixed at 
the time of motherboard manufacture. 

Summary of the Invention 

An I/O bus architecture according to a preferred embodiment of the invention 
is configurable, automatically or manually, so that I/O bandwidth may be allocated 
and re-allocated from one I/O slot or device to another. A system bus interface device 
is provided along with first and second I/O bus interface devices. A first intermediate 
bus couples the system bus interface device to the first I/O bus interface device. A 
second intermediate bus couples the system bus interface device to a switching 
device. The switching device functions to couple the second intermediate bus either 
to the first or to the second I/O bus interface device responsive to a steering signal. 
The steering signal may be generated automatically, or manually by means of a hand- 
operated switch. 

In a further aspect, the steering signal may be configured to indicate whether 
or not an input/output device such as a circuit card is present and coupled to the 
second I/O bus interface device. If so, then the second intermediate bus is coupled 
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to the second I/O bus interface device; but if not, it is coupled to the first I/O bus 
interface device so that the first I/O bus interface device may utilize the extra I/O 
bandwidth not being used by the second I/O bus interface device. 

Brief Description of the Drawings 

Fig. 1 is block diagram illustrating a configurable I/O bus architecture 
according to a preferred embodiment of the invention. 

Detailed Description of the Preferred Embodiments 

Fig. 1 illustrates, by way of example, a configurable I/O bus architecture 100 
according to a preferred embodiment of the invention. A system bus 102 is coupled 
to a system bus interface device 104 via conductors 103. System bus interface device 
104 may be any device operable (1) to interface a first intermediate bus 118 and a 
second intermediate bus 120 to system bus 102; and (2) to cause intermediate buses 
118 and 120 to operate independently when supporting separate I/O buses, or jointly 
when supporting a single I/O bus. One example of such a system bus interface device 
is commercially available from Hewlett-Packard Company as part of the "ropes" bus 
architecture described herein above. (In the case of the ropes bus architecture, the 
system bus interface device is configurable via the system bus. For example, 
firmware in the host system may be used to configure the system bus interface device 
at start-up time to treat the intermediate buses separately or jointly.) Intermediate 
buses 118, 120 may be any type, including for example the rope bus type. 

First and second I/O bus interface devices 106, 108 are coupled to first and 
second I/O slots or devices 1 10, 112 respectively via conductors 111, 113. I/O slots 
or devices 110, 112 may be any type of input/output bus slot or device, including for 
example any of those that are compliant with the popular PCI or PCI-X standards. 
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Intermediate bus 118 couples system bus interface device 104 to I/O bus 
interface device 106. Intermediate bus 120 couples system bus interface device 104 
to a switching device 1 14. Switching device 1 14 may be any device operable to 
couple intermediate bus 120 either to I/O bus interface device 106 or to I/O bus 
interface device 108 responsive to a steering signal 116. For example, switching 
device 1 14 may be implemented using bidirectional arrays of field effect transistors 
(FETs), with steering signal 1 16 controlling the gates of the FETs. Depending on the 
state of steering signal 1 16, switching device 1 14 may couple intermediate bus 120 
either to conductors 122 or to conductors 124. 

Without more, the above-described architecture is useful to allocate and re- 
allocate I/O bandwidth from one I/O slot or device to another. When steering signal 
116 is caused to assume a first state, and when system bus interface device 104 is 
caused to treat intermediate buses 118 and 120 independently, the I/O bandwidth 
provided by the two intermediate buses is allocated evenly between the two I/O slots 
or devices. But when steering signal 1 16 is caused to assume its second state, and 
when system bus interface device 104 is caused to treat intermediate buses 118 and 
120 jointly, all of the I/O bandwidth provided by the two intermediate buses is 
allocated to a single I/O slot or device. The switching of steering signal 1 16 and the 
configuration of system bus interface device 104 may be accomplished by automatic 
means such as by computer control, or by manual means such as by hand-operated 
switches. 

In the embodiment illustrated, one or more signals 126, 128 are provided by 
I/O slot or device 1 12 to indicate whether an I/O device is present and coupled to I/O 
bus interface device 108. For example, the PCI bus standard provides two such 
signals for determining whether a device is present (e.g. whether a card is present in 
an I/O slot), and if so how much power the device might consume. One of these 
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types of device-present signals could be used alone to switch steering signal 116 
between its first and its second states. (For example, the steering signal 116 can be 
made to follow the state of signal 126 or 128 or a similar signal on a different kind 
of I/O slot or device.) In the embodiment illustrated, steering signal 1 16 is derived 
from both of device-present signals 126, 128. Specifically, signals 126 and 128 are 
used as inputs to a logic gate such as NAND gate 130. Steering signal 1 16 is taken 
from the output of NAND gate 130. 

It is also useful to provide a hand-operated manual override switch 132 to 
dictate whether bandwidth will be re-allocated from I/O slot or device 1 12 to I/O slot 
or device 1 10. In the embodiment illustrated, switch 132 is coupled to the output of 
gate 130 and can be used to cause steering signal 116 to go high even if device- 
present signals 126 and 128 are both high. Similarly, if an AND gate is used in lieu 
of the NAND gate, a switch can be coupled from the output of the AND gate through 
a resistor to ground to accomplish an analogous effect. Such a switch 132 might be 
used, for example, to re-allocate I/O bandwidth from I/O bus interface device 108 to 
I/O bus interface device 106 even when slot 1 12 is populated by a card. (Some I/O 
cards occupy more than one I/O slot physically, but do not require I/O bandwidth 
from both occupied slots.) For embodiments wherein steering signal 1 16 is derived 
from a single device-present signal, hand-operated switch 132 may be coupled to the 
steering signal in a pull-up or pull-down arrangement as appropriate, or logic gates 
may be employed to achieve a similar or identical effect. 

While the invention has been described in detail in relation to preferred 
embodiments thereof, the described embodiments have been presented by way of 
example and not by way of limitation. It will be understood by those skilled in the 
art that various changes may be made in the form and details of the described 
embodiment resulting in equivalent embodiments that will remain within the scope 
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of the appended claims. For example, in further embodiments, more than two I/O bus 
interfaces may be provided, and commensurately more intermediate buses. The 
described and claimed configurable I/O bus architecture may be scaled so that the 
bandwidth provided by numerous intermediate buses may be re-allocated to a single 
5 I/O slot or device. Indeed, a many-to-many switching arrangement may be employed, 

still in accordance with the invention as claimed, in order to allocate bandwidth freely 
across all I/O slots or devices in the system as needed. 
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